Since 1945 VNIINM has inquired into radioactive materials, for both civilian and military programs.
INTRODUCTION
In the last few years VNIINM, concerned with radioactive materials since 1945, has been performing decontamination and decommissioning (D&D) of equipment and working areas contaminated by military research activities [1, 2] . Work took two paths:1) cleanup and rehabilitation of working spaces for unrestricted use by personnel A and B or 2) decontamination and repair of equipment and rooms for restricted use by personnel A.
In 1999, relying on our past experience in decommissioning, a large-scale D&D project was initiated. It concerned the Pu-239 separation equipment and working space used from 1945 to 1964. The scope of activities included decontamination of experimental equipment -accommodating pits, two hot cells, chains of glove-boxes, and rooms -and after decontamination, dismantling and removing equipment to be disposed to a repository site. Pu-239, Sr-90, Cs -137, and Am-241 were responsible for their contamination. External views of a glove-box chain, room, and building to be decontaminated are shown in Figs 1,2,and 3, respectively. Out of a series of decontamination procedures developed at VNIINM, a dry low-waste method was preferred that made use of strippable protective stabilizing or decontaminating coatings based on polyvinyl alcohol (PVA) containing chemical additives.
The strippable coating technique allowed D&D of a nuclear installation located in a high-density residential area of Moscow without ill effects on the environment. Chemical decontamination, especially of TRU, was abandoned in favor of the strippable coating method, because of the great amounts of liquid radioactive waste to be managed and potential recontamination it caused.
DECONTAMINATING POLYMERIC COATINGS
Special polymeric coatings with additives have been developed for implementation of the method.
An aggressive desorptive coating (TDP-2) is suitable for decontaminating oil-painted surfaces. To assist in its stripping, it is pre-strengthened with gauze.
The protective coating can involve PVA, surfactant, special additives, glycerin, water. Introduction of a specific special additive depends on the task to be accomplished. To produce protective stabilizing coatings, complexing agents and sorbents can be introduced. For aggressive desorptive coatings, a combination of mineral acids, organic acids, and oxidants as a function of the nature of material to be cleaned is added [4] [5] [6] .
Laboratory tests of physical-mechanical properties of strippable coatings showed that it took 4-8 hr at 20 0 C and a relative humidity of 70% for a polymeric film to be produced. The film 100 µm thick retained its protective properties for more than 100 days. Its adhesion to surfaces of plastic compound, paintwork, and carbon or stainless steel was 1-2 g/cm 2 . These results suggested the suitability of the strippable coatings developed to prevent the surroundings against the potential hazards involved in dismantling [4] .
The efficiency of aggressive desorptive coatings and decontaminating pastes was originally tested on artificially contaminated structural materials typical of working areas to be decontaminated. A routine detergent "Zashchita" was used to check .
TDP-1 and 2 were found to be the most efficient formulations. In all cases, the residual activity of artificially contaminated materials was within the limits of experimental error (< 0.02Bq/ cm 2 ) and instrument background [7] . The technology developed gave no way of producing even a minimum amount of secondary liquid radwaste. Decontamination of real process equipment, walls, and floors confirmed the laboratory data.
A film-forming formulation on a 0.25-0.5 kg/m 2 basis was applied on a contaminated surface by a sprayer, brush, or roller. It took 4-8 hr to produce a coating as a function of ambient temperature and humidity. The decontamination efficiency of the coating is given in Table 1 . Spent polymeric coatings can be mechanically or chemically stripped.
Over similar known methods, the strippable polymeric coating methods offer the benefits of high efficiency and minimum secondary radwaste.
Protective Pasty Coatings
A pasty formulation (0.25-0.3 kg/m 2 ) was applied on a surface by a sprayer, brush, or roller to produce a coating 100-150 µm thick within 2 -8 min. as a function of ambient temperature. The coating remains protective no less than 200 days.
An aqueous 1-2% soda solution (0.15-0.2 l/m 2 ) applied by a brush or sprinkled serves to strip spent coatings and decontaminate the surface.
WORKING AREA DECONTAMINATION
In 1965-1966 a working area of 10 rooms accommodating a U -5 installation, dissolved irradiated fuel, and pits for extracting TRUs were put in dead storage and sealed. Therefore, D&D activities started with retrieval of archives and inquiry of witnesses. I n autumn 1999 the working area was unsealed, extensively monitored, and sampled. In addition to small-sized process equipment and piping, six tanks of volume ranging from 250 to 350 l, including those containing contaminated organic solutions, were to be decontaminated and dismantled.
The other 14 rooms, accommodating 24 exhaust hoods, three sealed glove boxes of original design and two remotely operated hot cells, have been used until recently to optimize a technology for decontaminating real nuclear equipment. Prior to decontamination, the exhaust hoods and hot cells were cleared of instrumentation and materials that had the equivalent dose rate ranging from 0.1 to 1.2 mR/hr. More than 15 m 3 of equipment weighing about 4500 kg were meant for final disposal.
The interior of the cleared exhaust hoods was decontaminated with a strippable polymeric coating incorporating mineral and organic acids. The surface area covered was ~100m 2 . The efficiency of removing contaminants from surfaces depends on the radionuclide amount, form (ionic, oxidic, crystalline, and amorphous) and penetration depth as well as on the nature of material to be cleaned (metal, plastic compound, glass, ceramics, etc.).
A decontamination cycle using a routine coating was inadequate, so s pecially doped coatings were applied on separate surface spots. During decontaminating activities, a lot of formulations were tested to make an optimal choice for protecting or cleaning purposes. To protect large uncontaminated surfaces, a new amphiphilic formulation based on lignosulfonate and N,N-dimethyl-N,N-allylammonium chloride was developed. The walls and floors along the route of radwaste transportation were protected with the PVA -based coating (250 m 2 ) with cloths under it to add strength.. Equipment of original design was constructed to make up the desired formulations in a safe, timely manner in a sufficient quantity. After protective and decontaminating procedures and coatings were been optimizd on equipment and rooms in operation, D&D of the dead-stored U-5 facility was initiated. The rooms were unsealed and rehabilitated in accordance with the working plan and schedule. A total of 300 m 2 of polymeric coatings was applied to the contaminated surfaces of the unsealed working space.
The interior of pit 1 was found to be contaminated with U-235, Pu-239, Np-237, Ra-226, U -234, Am-241 and Rn-222. A smear contamination level was 1 -10 a-part/cm 2 min. while a fixed alpha contamination was as high as 300a -part/cm 2 min. A few 200 l and 300 l steel tanks in pit 1 and pit 2 were dismantled. The dismantled equipment, to be buried as radioactive scrap, weighed 800 kg. As a result of previous activities, the interior of pit 2 was contaminated with U-235, Pu-239, Cs -137, and Sr-90, to the following levels: alpha -60 a -particles/cm 2 min., beta -500ß-particles/cm2 min, the equivalent dose rate -15-100 mR/hr. The total contaminated area measured 120 m 2 .
Fig. 6 Dismantling of a 300 l tank.
The plaster of walls contained the bulk radioactivity and inevitably needed demolition and complete removal for decontamination to be adequate. It was demolished by a special tool equipped with a dust-collector, collected into Kraft bags and packed into casks to be further transported. The plaster removed weighed above 1000 kg. A lot of radioactive scrap (26 items, 1500 kg) was monitored for radioactivity, segregated, and collected into Kraft bags and casks. In 2000 the D&D work continues in progress at VNIINM, with financial support from Minatom of Russia.
